Hospital-acquired infections have become a major challenge which threaten the hospitalized patients' safety. The presence of nosocomial pathogens is generally reported in connection with solid surfaces near patient environments. These surfaces become significant sources of transmission and lead most often to the contamination and cross-contamination of nosocomial pathogens to the patients and staff. This paper investigates strategies to apply beneficial bacteria on viscose-based nonwoven wipes and the viability of these beneficial bacteria on the wipes along with characterization of the physical properties of the wipes. Major findings include that it is possible to produce dry wipes which contain an adequate number of beneficial bacteria or spores. After these wipes are wetted, they can release a certain number of bacteria from the wetted wipes. These released beneficial bacteria can inhibit pathogens by growing and colonizing on the wiped surfaces.
Common nosocomial pathogens such as Clostridium difficile, Staphylococcus aureus, Klebsiella pneumoniae, and Pseudomonas aeruginosa are the main causes of the HAI. 3 The spreading of HAI is related to noncompliance or breaches of infection control practice or procedures such as improperly processed reusable medical devices and contamination of unclean environmental surfaces. 4 Wipes are increasingly used as more practical tools for cleaning reusable medical devices, and surfaces help to prevent these breaches and decrease incidence of HAI. Use of wipes for cleaning contamination is more timesaving and practical than traditional cleaning methods. There are major requirements desired in medical wipes, such as rapid absorbency, low static and gliding friction, nonallergic characteristics, and reasonable life. Traditional medical wipes have been tissue based or woven, but with increasing nonwoven production methods such as air laid or wet spun, nonwoven wipes have become more common because of economic concerns and easy production processes. 5 Many wipes, functionalized with different antimicrobial agents, are used in clinical settings to clean and disinfect low risk equipment and the near patient environment. These cleaning wipes are used to support a reduction in the transmission of pathogens via the environment, including spore forming pathogenic bacteria and their spores. Their efficacy is strictly related to exposure time and differs depending on their chemical contents. Antimicrobial wipes containing alcohols (generally 70% isopropanol) or surface-active chemicals (quaternary ammonium compounds (QACs), triclosan, and triamines) are only effective against non-spore forming bacteria. Wipes with chlorine dioxide or peracetic acid are useful to inhibit spores and non-enveloped viruses. 4, 6 An ideal antimicrobial agent should be active against a broad spectrum of microorganisms whilst being nontoxic and nonallergenic. However, there are some of commonly used antimicrobial substrates concerns about the toxicity of surface-active chemical or alcohol. With developments in biotechnology, sustainable alternatives based on biological substrates such as enzymes and beneficial microorganisms have received attention.
According to the Food and Agriculture Organization (FAO) and the WHO, beneficial microorganisms (i.e., probiotics) can be defined as ''live microorganisms (bacteria/yeasts), which when ingested or locally applied in sufficient numbers confer one or more specified demonstrated health benefits for the host.'' 7 Most of the beneficial microorganisms can inhibit pathogens with their antimicrobial or antagonistic ability. Their antagonistic properties can be the result of competitive exclusion, production of hydrogen peroxide, or organic acids that lower pH. Their antimicrobial activity is highly related to their products such as, for instance, bacteriocins or antioxidants. [8] [9] [10] As beneficial bacteria can get involved in the different environments and actively influence the ecology in these environments, they can help to decrease the number of other unwanted (pathogenic) microorganisms. In comparison with the use of other disinfectants, they cannot give as rapid and efficient a decrease of other microbes, but they may have a long term and more lasting positive influence on the microflora in the room. In this way, they may contribute to lowering risks of infection and hence give health benefits to humans staying or living in, for example, a health care facility. There are different ways to introduce beneficial bacteria into an environment, and attaching them during the cleaning process is one of the most efficient routes. After activating in water, dry wipes impregnated with beneficial spores/bacteria can be a good solution to practically clean the surfaces near patients. When they are activated with water, certain amounts of spores/bacteria will be released from the wipe to the wiped solid surfaces, and released spores turn into beneficial bacteria on the surfaces to protect them from pathogens by providing antagonistic/antimicrobial activity. There is certain evidence in previous studies, completed between 2014 and 2016, showing that use of Bacillus spores in cleaning products helps to reduce the number of infection-related pathogens and antibiotic resistant bacteria strains. 11, 12 There have been several attempts to apply beneficial bacteria and spores on textiles to date. studied the proper melt spinning conditions for Bacillus spores, and then they produced PET filaments with Bacillus spores by intercalating Bacillus amyloliquefaciens spores in a polymer matrix during the melt spinning process. 13 15 Traditional textile processes, such as wet processing or dip coating, may be used to develop proper strategies to incorporate beneficial spores/bacteria in nonwoven surfaces. Then these nonwoven surfaces which contain beneficial bacteria/spores may become useful tools to achieve the biocontrol of solid surfaces.
This research aims to assess the potential of beneficial bacteria/spores in functionalization of nonwovens to produce dry probiotic wipes. Incorporation of beneficial bacteria/spores on the viscose-based nonwoven wipes was achieved using two different strategies. One of these strategies was to process the wipes in an impregnation bath with certain amounts of probiotic finishing agent and the other strategy was to coat wipes with certain amounts of probiotic finishing agent. Then the amounts released from each wipe were compared to determine the most promising incorporation strategy.
Experimental Material

Tana
Õ Biotic DC, kindly gifted by Tanatex Chemicals, Netherlands, was used as a finishing agent with beneficial bacteria and poly(ethylene glycol) (PEG) M w 400, purchased from Sigma-Aldrich Co, Sweden, was used as a binder in the coating process. Viscose-based spun lace wipes (weight: 60 g/m 2 , thickness: 0.60 mm) were provided from SCA Hygiene Products AB, Sweden, and used as the textile substrate for all samples.
Preparation of wipes
Nonwoven wipes were padded twice through a finishing bath containing certain amounts of probiotic finishing agent with a liquid ratio of 1 : 10 then they squeezed in between mangles with a speed of 2 m/min and 80% liquid pick up were achieved. After padding process they were dried at room temperature for 2 h ( Table 1 ). The treated samples were rinsed with distilled water to remove excess and unfixed chemicals and finally dried at room temperature.
Beneficial bacteria and spores are ideal for use in a chemical finishing process as they have a high affinity for textiles and the capability to attach to the textile surfaces without binding agents. Adhesion of bacteria/spores on surfaces is a complex process involving different forces and interactions. Among them, electrostatic and hydrophobic interactions play the most important role in the adhesion of spores to inert surfaces. 16, 17 Incorporating the beneficial bacteria/ spores on wipes in a controlled way that, at the same time, also allows for sufficient release when the wipe is in use is challenging. In order to control the release of bacteria/spores, soluble binders were used in the preparation of coatings to attach the entrapped beneficial bacteria/spores on the wipes. PEG was preferred as a binder because of its unique properties, such as high hydrophilicity, biocompatibility, and non-toxicity. 18 PEG 400 was dissolved in demineralized water by stirring for 2 h at room temperature. After it had totally dissolved, the probiotic finishing agent was added to this solution and stirred for 30 min at 400 rpm at room temperature to obtain a homogeneous solution. Then, nonwoven substrates were dip coated in the prepared solutions for 15 min and the substrates were transferred to the mangles with a speed of 2 m/min to squeeze under a load of 20 kg/cm. So 100% liquid pick up were achieved. Finally coated samples were dried at room temperature for 2 h then cured at 110 C for 5 min.
Characterization tests
To determine the growth of the incorporated bacteria, viability tests were done using sample ready 3 M TM Petrifilm TM aerobic count plates which contain the water-soluble gelling agent, nutrients and an indicator that are needed for microbial growth to be indicated by red colored colonies on the plate. Wipes were cut into pieces of size 4 Â 4 cm and sterilized at 75 C for 1 h. Then, the petrifilms were wetted with 1 mL of demineralized water and the samples were set in the middle of the films. Afterwards, the petrifilms were placed in the oven to be incubated at 32 C for 72 h. After the incubation, they were evaluated visually.
Release tests were performed to determine the number of viable bacteria released from each sample. For this purpose, samples of size 5 Â 10 cm were prepared from each wipe and each sample was put in tubes containing 10 mL saline. These tubes were vigorously shaken for 1 min and held for 15 min. Then, 0.1 mL of saline solution was taken from each tube and spread on TSA agar plates. These agar plates were incubated at 32 C for 24 h. After incubation, the number of colonies growing on each agar plate was counted. The wettability of the fabrics was evaluated using a Attension Theta Optical Tensiometer (Biolin Scientific Ab). The test was conducted using a water droplet size of 3 mL and the angle of the drop was measured after 0.5 seconds. Each measurement was repeated at least five times per sample. The vertical wicking rates of the wipes were tested according to DIN 53924. Prior to the vertical wicking tests, samples were conditioned under standard atmospheric conditions. Then the samples were cut into strips of 200 Â 25 mm. They were marked and suspended vertically by their bottom ends and the rising height was measured after 10 s. Then, the average value of all measurements was calculated as the final result. Samples were tested for abrasion in a Cromocol, Martindale 2000 abrasion tester according to the EN ISO 12947-2AC:2006 standard. Before the abrasion tests, two test specimens (d ¼ 4 cm) were prepared from all samples and rested in a conditioned room for 24 h. A force of 9 kN was applied in a downward direction for each test specimen. Evaluation of the damage and breakage of fibers and searching for pilling was made at 1000, 2000, 5000, 10,000, 15,000, and 20,000 rubs by visual analysis. Tension tests were performed using a Tensolab (Mesdab S.p.A) tension machine according to ISO 13934-1:2013. Test specimens were prepared in pieces of 5 Â 15 cm in size in the machine direction of the wipes. A tension machine set to 100 mm/min and a 5 kN force was used. Mean tensile strength and mean elongation values were determined.
Results and discussion
The success of the embedding process of beneficial spores is highly related to their viability after impregnation and dip coating processes. The viability of the bacteria was determined with 3 M TM Petrifilm TM Aerobic Count (AC) plates. After 72 h incubation, the petrifilms were observed and bacteria colonies were clearly seen as red dots on the samples ( Table 2 ). The amounts of beneficial bacteria released from the wipes were measured to evaluate their efficiency. When the numbers of beneficial bacteria on the solid surfaces reach certain levels, they can exhibit an inhibitory effect against pathogens. The inhibition mechanisms of beneficial bacteria may be due to their antagonistic capability, as well as their ability to produce antimicrobial compounds. While their antimicrobial activity can be related to the production of bacteriocins, their antagonistic activity against the pathogens can be related to competitive exclusion or to production of compounds that lower the pH of the environment, such as organic acids and hydrogen peroxides. 8, 19 The beneficial spores that deposited on the surfaces upon wiping can germinate, then grow out to vegetative cells and compete with pathogens or release efficient amounts of antimicrobial substrates to exhibit efficient activity. The release results of the samples are summarized in Figure 1 . These results show that it is possible to apply beneficial bacteria as spores using the impregnation process as the spores have a high affinity for textiles and the capability to attach to the textile surfaces without binding agents; however, it is difficult to obtain certain release amounts with the impregnation method. Water soluble binders such as PEG may be an alternative to attach more spores on the wipes and, at the same time, control their release from the wipes.
To evaluate the usability of the wipes, their wettability and wicking were explored. To determine the wettability of the wipes, the water contact angles (Â) were measured and the results are summarized in Table 3 . The contact angle results of untreated and treated wipes exhibit a high wettability.
The results revealed that the probiotic finishing agent didn't have a significant effect on the wettability of the wipes and did not convert their hydrophilic structure to hydrophobic. On the contrary, the PEG binder used in coated wipes significantly increased the wettability of the wipes (p < 0.05). According to Zhang, absorbency is the key property of nonwovens used in wipes, especially for medical wipes, which include hard surface antibacterial, bathing, and incontinence wipes and are designed for use in hospital and health care facilities. 20 The results of vertical wicking rate measurements are presented in Table 4 . The results showed that the samples with finishing agent and PEG based coating exhibited lower vertical wicking rates than pure viscose-based wipes. This may be due to the filling effect of the finishing agent and coating solutions. When the finishing agent and PEG based coating filled the pores in the wipes' structure, this prevented movement of the water through them as the wicking properties of the wipes are mainly related to the porosity of the wipes. 21 The tensile behavior of the wipes is crucial in determining their end uses and durability. The tensile behavior of the wipes differs depending on the nature of the wipes and their stability to different process conditions, such as dip coating, padding, and thermal treatments. In Table 5 , the tensile properties of the wipes are summarized as an average of five test specimens from each sample. According to these results, the samples treated with the finishing agent during padding exhibited lower tensile strengths and higher elongation at break.
In contrast, the samples prepared with dip coating have a higher tensile strength and elongation at break as the coating process contributed to the compactness of the wipes. According to Masteikaite and Saceviciene, this is due to the spaces between fibers being filled up with coating materials. 22 The abrasion resistance of the wipes is also important for their quality and end use performance. Both the abrasion resistance and lint release properties of wipes are major parameters in using them for special purposes, such as clean room and other medical applications, where contaminated environments are highly undesirable. 5 Wipes with low abrasion resistance may cause high lint release and they may dirty the surfaces instead of cleaning them. When we compared the abrasion resistance of treated wipes with untreated ones, the abrasion resistance test results paralleled the tensile strength tests. The coated wipes showed better resistance, while impregnated samples exhibited a low resistance compared to untreated samples (Table 6 ).
Kothari and Loganathan tested different commercial wipes which were used in medical applications, and they determined that viscose-based wipes had better absorbency but worse abrasion resistance and lint release properties compared to others. 5 
Conclusion
This study suggests that nonwovens can be loaded with Bacillus spores and used for cleaning in health care environments. For this purpose, different strategies were developed for attaching spores to nonwoven fibers. The adhesion of the spores on dry wipes was achieved with applied processes. Adhesion between the spores and the fibers in the dry wipes was achieved. However, the controlled release of the spores from the wipes after they were wetted is still challenging. The comprehensive comparison between the release properties of coated and impregnated wipes showed that coated wipes had better performance than others. Furthermore, the coating process improved the physical properties of the wipes. These findings reveal that all samples exhibited a certain amount of release, and these amounts were highly related to the nature of the applied finishing agents and the parameters of the application methods. By the incorporation of probiotics/beneficial spores in the nonwoven wipes, they become a reservoir of beneficial bacteria. When the wipes are used to clean solid surfaces, beneficial bacteria released from them can settle on these cleaned surfaces and provide an antagonistic/antimicrobial effect against nosocomial pathogens.
Based on the data obtained from the present study, a further study is underway which will focus on improving the release mechanism and wiping tests to determine the inhibition mechanism against the common nosocomial pathogens Clostridium difficile, Staphylococcus aureus, Klebsiella pneumoniae, and Pseudomonas aeruginosa.
